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Notes on Portfolio Selection using Excel

These notes discuss how to find the optimal portfolio of risky assets using Excel (i.e. the
point of tangency from the riskfree asset that gives an investor the best risk-return
tradeoff).

The handout focuses on using vector notation to solve the problem. See BKM for a
discussion of the problem.

l. Inputs

Main inputs: expected returns, variances and covariances. Standard (mathematical) way
to summarize this information: vector of expected returns p and variance-covariance
matrix X.

The (n x 1) vector p has elements which are the expected returns of each of the assets. It
is usually better to work with the vector of excess expected returns p°, where the riskfree
rate is subtracted from the expected returns.

The variance-covariance matrix X is an (n x n) matrix that records the variances in the
diagonal (i.e. the elements %), and the covariances in the off-diagonal terms (Zjj ). This is
a symmetric matrix (Z;; = i), and it is negative-semidefinite (which means that when
you run a portfolio x through it as x"=x you always get something that is non-negative
(here superscript T denotes “transpose”).

Example 1. Expected return for three assets: 10%, 12%, 20%. Volatilities: 20% for all.
Correlation between asset 1 and 2 is 0.50, and all other correlations are zero. Risk-free
rate is 5%. Then

0.05
ue = 0.07
0.15
and
004 002 O
T = 002 004 O

0 0 0.04

Note: 0.02 = 0.5(0.2)(0.2) is the covariance of assets 1 and 2.
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I1. Calculating means and variances
In order to calculate the expected excess return and variance of a portfolio x,

E(ry) - Rf = X He
var(r) = X' 2x

Excel is a bit tricky in order to do vector and matrix operations. Best thing is to keep
vectors vertical and matrices square. Then another useful trick is to hit
<Ctrl><Shift><Enter> once a formula has been entered.

In order to perform the calculations, suppose the portfolio x is in cells H1:H3. If the
variance-covariance matrix was in cells A1:C3, and the excess expected returns in E1:E3,
the following two (intuitive) formulas would give as the expected excess return on x and
its variance:
=mmult(transpose(H1:H3),E1:E3)
=mmult(mmult(transpose(H1:H3),A1:C3),H1:H3)

Remember: you need to hit <CtrI><Shift><Enter> once you entered the formula.
I11. Optimal Portfolios
With no constraints on short-sales the solution to an investor’s problem involves
investing in the portfolio

x =2 1)
End of story.

Example 2. Equation (1) tells us that the optimal portfolio (an n x 1 vector) is equal to
the product of the inverse of T and p°.

In Excel, when performing an operation involving vectors and/or matrices you need to

select the set of cells that are the solution before entering the formula (you did not need

this before because the mean and variance of a portfolio were scalars, i.e. 1 x 1 vectors).

In our particular case this involves selecting a 3 x 1 area of cells. If the variance-

covariance matrix was in cells A1:C3, and the excess expected returns in E1:E3, the

command that gives you the answer is (don’t press Enter yet) is
=mmult(minverse(Al:C3), E1:E3)

after which we need to press: <CtrI><Shift><Enter> (don’t ask me why).

It’s tricky following these steps the first time, but it is worth the time.
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It’s also worth remembering that this is an intermediate step in the asset allocation
process. Once we know what the optimal risky portfolio x is, we still need to decide on
the mix between the riskfree asset and this optimal risky portfolio.

IV Alternative Approach

Section 8.5 in BKM discusses another approach to constructing the mean-variance
efficient frontier.

Note that in the previous discussion, we did not look for the whole frontier, but rather just
for the optimal portfolio among those on the frontier (which will be combined with the
riskfree asset).

It is not surprising that a similar spreadsheet as that in 8.5 should help us get the job done
using Solver. As we should all know, the optimal risky portfolio solves

max(x) Sy = [E(r) - Relloyx = (X &)X Zx (2)

We know how to calculate the quantities in the numerator and denominator, so we can
just use Solver.

It should be noted that using this “brute-force” approach by maximizing (2) is the only
way to find a solution once we include constraints (such as short-sale constraints).

2011 Eckbo: APPENDIX: Asset Pricing and Portfolio Management 4(10)



Formula Sheet

e Conversion between continuously compounded (cc) and simple (s) returns:

rs = exp(rec) — 1 rec = In(1+rs)
e Fraction of your wealth you put in the risk-free asset A:
W = E(ra- re)/Ac?a

e The MVE portfolio weights when there are two risky assets (X, = 1-x;)

Xa = [E(ra) o’ - E(r°s) o’ asl/ {[E(r°a) s + E(r°s) o*al — [E(r°a)+ E(r°s)] o°ac}

e The CAPM equation
E(ri) = re + B[E(rm)-re] ~ Where 5 = oin/ c®m
e The security characteristic line

lit—ree= ai + Si(fme— rey) + &
e The systematic variance of a security

CAPM: o%ysi = fio’m (CAPM)

APT:  dPysi= 55 B fix o = 2k Fic’x when factors are uncorrelated

e The variance of portfolio a and covariance of portfolios a and b

oa= 55 XX oy Oab= %5 X% ij Oij
Two assets, 1 and 2:
o= (Xal)20'21 +(Xaz)20'22 + 2x%1x% 012

oan = XC1xX10%1 +Xx20%, + (Xalxbz + Xa2Xb1) O12
e The APT return generating process
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rie = E(rie) + Buafue +fofar+ .. + B + &it
The APT pricing equation
E(r) = Ao + Liffn + Loffn +..... + Wfix
Managed fund performance measures
(1) The Sharpe Ratio of portfolio p
Sp=r%/cp
(2) Jensen’s Alpha is the ¢, from the regression
(CAPM) 1’ =ap+ Bolm + &t
(APT) Pt = ap+ Borlu+ Balfa +o + Sk ke + &t
where r°is the excess return on the factor-mimicking portfolio for factor k
(3) The Treynor Measure
Tp = (E() - 1)/

or, adjusted (relative to the slope of the SML)

T = (E(e) = 1e)/fo - (E(tw) = Te)/ = aul
(4) The Appraisal Ratio of portfolio p (CAPM and APT)
AR, = apl oep
Sharpe Ratio of optimal portfolio C of M and p is
SRc = (SR%wm + AR?)™2
(5) The Henriksen-Merton Timing Measure is ¢, from the regression
Fot= ap + Bormt + DiCol’me + &t

where Dy is a dummy variable that takes on a value of 1 when ry>rg

(6) The Treynor-Mazuy Timing Measure is the coefficient c, from the regression
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(CAPM) %= app + Bol®wi + Co(Iwmi)> + &t

(APT)  r’u=op+ Suln '; B2 ot +'é"' + Lok ke + ,
Cpl(relt) + sz(rezt) +.. 7t CpK(reKt) + &t

The value of selectivity is a;
CAPM: The value of market timing is ¢,0°y

APT: The total value of factor tilting is cp16%1+ Cp20%2+....+ Cor 0%k
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